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Cutaneous Blood Flow during White Dermographism in Patients with 
Atopic Dermatitis 
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Departments of Dermatology and Clinical Physiology, The Finsen In stitute, Copenhagen, Delim aI''' 
Cutaneous blood flow was d e termined b efore and im-
m ediate ly afte r rubbing the skin of7 patie nts with atopic 
d e rmatitis and 6 normal s ubject s , using the local a trau-
matic I:J:lXe-me thod. In the a topic patients the rubbing of 
eczematous skin produce d white dermographis m and 
s imultaneously the cuta neous blood flow decre a sed in 
all the patients from 15.2 ± SEM 1.7 ml/ l00 go min b e fore 
the rubbing to 6.2 ± SEM 1.6 ml/ l00 gomin during white 
d e rmographism (p < 0.002). In all the normal s ubjects 
the rubbing stimulus w as followed b y an incre a se in 
blood flow from 5.2 ± SEM 0.6 to 24 .4 ± SEM 3.1 ml/l00 
go min (p < 0.001), although r e d d e rmographism was not 
seen in a ll. 
It i s conclude d that the most r e a sonable e xpla nation 
for the pallor during white d e rmogra phis m is the r e -
duce d cutaneous blood flow. 
Rubbing t h e ecze ma tous s kin of pa tien ts wit h atopic derma-
titis commonly produces white dermographism [1], while nor -
mal skin m ay rea ct to rubbing by becoming red [2]. 
T h e r eason for white dermogra phism in patien ts wi th atopic 
derma titis is unknown. It has been interpreted as a t rue vaso-
cons triction due to a parad oxical r esponse to acetylcholine or 
to r e lease of norepinephrine from nerve endings [3-6]. Ot h ers 
h ave proposed t hat t h e pallor enti.rely or in par t might be due 
to accumulation of edem a fluid [7- 11]. 
The intense white line th at atopic skin sh ows after stroking 
is similar to a characteristic bla nching phenomenon of th e skin 
after injection of acetylcholine-like drugs. In m ost of th e pj'e-
vious r eports the conclus ion concerning a bnormal vascular r e-
sponse in whi te dermogra phism is based on s tudies of the 
d elayed blanch r eaction. 
Using th e atraumatic local "J3Xe-washout technique [12] we 
h ave examined t he cuta neous blood flow before, d ur ing and 
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a fter white dermog:ra phism in patients wit h atopic dermatitis, 
a nd after th e sam e rubbing stim ulus in 6 normal subjects. 
MATERIALS AN D METHODS 
S ubjects 
Studies were conducted on 7 patients with well-documented atopic 
dermatit is and a contro l group of 6 normal healthy persons with no 
history of atopic disease or any dermatological complaints. Age and 
sex aJ'e seen in Tables I and II. Five of the patients had acute or chronic 
eczematous lesions at the site of examination (A, B, C, E, G) , while the 
other 2 were in a state of remission at the time of testing. T he skin area 
with the most pronounced and well-defined white dermographism was 
studied. None of the patients had smoked at least 3 hr before the study 
and the skin was un treated at least 2 days before the investigation. 
In fo rmed consent was obtained from each subject. 
Test Trauma Procedure 
Rubbing was carried out with a wooden spatula stroked over 4 cm 
length in 3 to 4 parallel lines in .order to cover the tracer marked skin 
area, and with a degree of pressure causing the subjects slight discom-
fo rt. T his procedure lasted 10-15 seconds. The examined skin area is 
seen in Tables I and II. 
Cutan.eous Blood Flow Measurem.ellts 
Skin blood flow was measured by the I:J"xenon method as described 
by Sejrsen [121- A skin aJ'ea of 2 cm in diameter was labeled with 
'''''xenon, using the atraumatic epicutaneous labeling technique. A 
NaI(Tl) scintillation detector was placed 5 cm above the radioactive 
fie ld and connected to a printing gammaspectrometer with a window 
set aJ'ound the 0.081 MeV photopeak of '''''xenon. The activity was 
printed out in in tervals of 10 seconds starting immediately after label-
ing. T he undisturbed washout curve of the tracer was fo llowed for 6-10 
min prior to the rubbing stimulus. The disappearance of the t.racer was 
fo llowed fo r an addit ional 40-50 min after the rubbing. The '''''xenon 
wa hout curve fo llowing epicutaneou labeling bends spontaneou ly 
due to accumulation of tracer in subcutaneous tissue. '''''Xenon is highly 
soluble in lipid and the rate of removal [Tom subcutaneous fat is slow. 
The washout curve was resolved in the fo llowing manner: After sub-
traction of background activity the monoexponential clearance of '''''Xe 
from subcutaneous fat was identified after 25-30 min. The curve was 
extrapolated to time zero and subtracted from the total washout curve 
resulting in another monoexponentia l plot, which represents the dermal 
cleaJ'ance component (Figure) . 
The cutaneous blood fl ow, F, was calculated from the half-time(T, d 
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TABLE 1. Cu.taneous blood flow before and during white dermographism in patients w,:th atopic dermatitis 
Culaneous blood now ± SE Duration of 
Pal ienl 
no. 
(ml/ I OO g.min) decreased Sex Tracer ap plicalion Age blood fl ow 
Before During while (sec) dermographism 
A F 25 21.4 ± 0.5 12.6 ± 2.7 60 Forehead 
B F 32 15.1 ± 0.3 8.7 ± 1.8 150 Forehead 
C F 15 16.3 ± 0.2 2.9 ± 0.7 70 Anterior thigh 
D F 20 9.5 ± 0.1 6.4 ± 0.7 160 P roxima l breast 
E F 27 9.3 ± 0.4 0.01 ± 0.02 300 Proximal breast 
F M 26 17.4 ± 0.5 8.9 ± 0.8 150 Antecubital fossa 
G F 12 17.3 ± 0.4 3.9 ± 2.0 140 Proximal breast 
'Mean 22 15.2 6.2 147 
±SEM 3 1.7 1.6 30 
p < 0.002 
TABLE II. Cutaneous blood flow before and after rubbing the shin of 6 normal subjects" 
CUlaneous blood fl ow ± SE Period of 
Case 
no. 
1 
2 
3 
4 
5 
6 
Mean 
±SEM 
p « 
Sex 
M 
M 
M 
F 
M 
F 
" Tracer application on dorsal forearm. 
Age 
Before 
19 5.3 ± 0.1 
28 6.9 ± 0.6 
33 2.8 ± 0.2 
25 5.9 ± 0.1 
33 6.2 ± 0.2 
38 3.8 ± 0.3 
29 5.2 
3 0.6 
of the dermal component before a nd after the rubbing stimulus using 
the formula 
F ln2 . A · 100 T ml/100 g . min 
In 
where A = 0.7 is the experimentally demonstrated tissue to blood 
partition coefficient. 
Room temperature was kept constant during the experiments at 
21-22°C. 
Linear correlation by the least squaJ'es' method and Students 's t-test 
for paired samples were used to ana lyze the data. As a limit of signifi-
cance 0.05 was chosen. 
RESULTS 
Rubbing 
White dermographism was produced in all the patients. In 
the control gI'oup the lUbbing stimulus produced a well-defined 
reddening in 4 subjects, while only a faintly red color was seen 
in 1 subject, and no color change was observed in 1 subject 
(Table II). 
Cutaneous Blood Flow 
Before the rubbing stimulus the cutaneous blood flow in the 
eczematous skin of the patients ranged from 9.5 to 21.4 ml/lOO 
g . min in the different anatomical regions. Normal range of 
cutaneous blood flow in these regions is, however, not yet 
available. After the rubbing stimulus the cutaneous blood flow 
transiently decreased in all the patients in a period from 60 to 
300 seconds (Table 1) . Simultaneously white dermographism 
was seen. The period of decreased blood flow was followed by 
an increase in the blood flow in all the patients, and during the 
first 30-60 seconds of this reactive h yperemia the white der-
mographism disappeared. 
An example of the washout curve is seen in the Figure. 
In the control group the blood flow increased in all t he 
subjects after the rubbing procedure. The blood flow was max-
(m1/100 g . min) max imal 
increased Dermographism 
Afte r rubbing blood flow (sec) 
21.2 ± 1.0 200 + 
35.8 ± 1.1 240 + 
16.6 ± 0.4 270 
18.2 ± 0.4 300 + 
31.6 ± 1.4 180 + 
24.4 ± 0.7 220 (+) 
24.4 235 
3.1 18 
0.001 
imal during a period of 120 to 270 seconds (Table II) after which 
the cutaneous blood flow gradually decreased over the next 
5-10 min. 
In one patient (E) the cutaneous blood flow was measured in 
non eczematous skin, in which the rubbing stimulus induced a 
well-defined red dermographism. The cutaneous blood flow 
changes were similar to those of the control group. 
DISCUSSION 
It is generally accepted that white dermographism in patients 
with atopic dermatitis is caused by an abnormal vascular re-
sponse. However, whether the pallor of the skin is caused by a 
paradoxical vasoconstriction or vasodila tion obscured by edema 
has for several years been a subject of controversy. 
Most of the conclusions concerning the cause of white der-
mographism have been drawn from experiments carried out in 
skin with delayed blanching after injection of topical application 
of acetylcholine-like drugs. 
Using direct microscopy, Davis and Lawler [7] observed that 
capillaries remained dilated despite the appearance of blanch-
ing after injection and topical application of acetylcholine. 
Injection of hyaluronidase and acetylcholine in the same solu-
tion reversed the delayed blanching reaction. The la tter obser-
vation was confirmed by Scott [8]. In both papers it was 
concluded that the delayed blanch was due to edema. Since 
these investigations were made after traumatizing the skin 
either by repeated application of adhesive tape until the keratin 
layer was removed [7] or after an injection trauma [8], the 
conclusion must be taken with caution. 
Bystryn, Freedman, and Hyman [9], using the l:ll I-antipyrene 
washout technique, found an increase in the tracer clearance 
rate in blanched skin areas. They concluded that the blanching 
reaction was not caused by vasoconstriction, but might be due 
to accumulation of edema fluid . However, the 13lI-antipyrene 
was injected into the blanched area and the disappearance rate 
of the tracer was measured dur ing the first 15-20 min after the 
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FIG Cutaneous washout curve before, during, and after white der-
mographism in a patient with atopic dermatitis. The total washout 
curve of '''''xenon after atraumatica'lly epi utaneous labeling is denoted 
by dots. The cutaneous washout curve after graphic resolution is 
denoted by crosses. The calculated cutaneous blood flow (m1/100 g. 
min ± 1 SE) was before the rubbing stimulus (S) 16.3 ± 0.2 and dUl'ing 
the white dermographism (w.d:) 2.9 ± 0.7. This was fo llowed by an 
increase in blood flow from 28.4 ± 2.9 in the first minute gradually 
decreasing to 16.7 ± 8.4 in the six th minute after the vasoconstriction. 
injection trauma, which is known per se to induce a transien t 
vasodilation [12]. 
Ramsay [10] used a photo-electric pulse meter, which was so 
constructed that an increase in pulsation was indicating an 
increase in the amount of blood in the skin (or vasodilation). 
Rubbing of the skin produced white dermographism in 7 of 8 
atopics. Vasoconstriction was demonstrated in 2 atopics with 
well-marked white dermographism. In the other 5 patients the 
pallor was not complete, and in these the recordings showed 
either no change or a slight increase in pulsation. Intradermal 
injection of acetylcholine-like drugs produced redness in non-
atopics and delayed blanch in patients with atopic dermatitis. 
Despite the difference in na ked eye appearance of the skin, the 
pulse meter apparatus s howed vasodilation in both groups. It 
was concluded that the pallor in atopics was due to accumuJa-
tion of edema fluid . 
Intravenous injection of Coomasie Blue does not stain the 
pallor skin area of white dermographism [4], and both fluorescin 
and Coomasie Blue have failed to stain metacholine or acetyl-
ch oline induced blanched areas as could be expected if the 
pallor was due to edema [4,5]. 
In the present study we have found a decrease in cutaneous 
blood flow during white dermographism. The decrease in cu-
taneous blood flow lasted for a few minutes and was followed 
by a period of reactive hyperemia. Simultaneously the white 
dermographism disappeared. The rubbing stinlUlus produced 
an increase in the cutaneous blood flow in normal controls, and 
in one patient with atopic dermatit is sin1ilar changes were 
found in noneczematous skin. 
We conclude, therefore, that dming white dermographism 
the cutaneous blood flow is decreased and that the most rea-
sonable explanation for the pallor of the skin is the reduced 
cu taneous blood flow . 
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